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Abstract 
The paper deals with the influence of the methane/platinum on the adsorption properties of aluminic-platinum catalyst. Methane 
dehydrogenation degree on the Pt/Al2O3 surface has been calculated for the entire range of the studied СН4/Pt ratios. A high 
reactivity of the adsorbed methane forms in a C-C bond formation has been found at the joint conversion with n-pentane and with 
to aromatic hydrocarbons formation. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
Processing of natural (NG) and associated petroleum (APG) gas is a crucial task which remains unsolved since 
the 70s of the last century. In Russia, there is the annual 650-660 bln m3/year of natural gas and 69-72 bln. m3/year 
of associated gas production. Currently, natural gas is mainly used as fuel. Chemical industry consumes only 2.5-
5.0% of the produced gas. The level of associated petroleum gas flame combustion is the highest in Russia (the 
amount of flame combustion in 2012 was 17.1 bln m3) [1], this leads to extremely negative economic, 
environmental and social consequences. Thus, the problem of the use of PG and APG is extremely relevant. The 
main component of natural and associated petroleum gas (up to 70 vol.%) is methane. Stable C-H bond in the СН4 
molecule (dissociation energy of 435.8 kJ/mol) makes its effective use difficult on an industrial scale. A common 
method of methane activation is an appending of the oxygen-containing molecules into reactive atmosphere. In 
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industrial scale СН4 oxidizing processes are implemented to obtain synthetic natural gas, further used to obtain 
oxychemicals and synthetic crude oil. One-step reaction of oxidative condensation into methane to С2–hydrocarbons 
has been extensively studied. [2] In the early 90-ies of XX century another way to activate СН4 by conducting the 
reaction in two stages was described. In the first stage at temperatures of 573-723 K methane was chemisorbed with 
a С–Н bond breaking and a hydrogen molecule formation. Between proximate insufficient СНx (X≤3) units a C-C 
bond can be formed. To enter the gas phase the С2+–hydrocarbons precursors were at a lower temperature in a Н2 
flow. [3] 
To date the question of methane adsorption with its subsequent activation and converting into С2-hydrocarbons 
has been widely studied for catalysts with high metal content (3-10 wt. %) [4-6], mostly the VIII group. 
Another area of methane conversion is non-oxidizing conversion in the presence of high-silica zeolite catalysts 
[7-8]. The process is carried out in one stage at temperatures of 823-1023 K, and at atmospheric pressure. Currently, 
the greatest success has been achieved by Russian researchers from the Institute of Petroleum Chemistry. [9] 
However, extremely rapid deactivation of zeolite catalysts remains a serious problem. 
In this study we have studied the influence of the СН4/Pt ratio on the methane adsorption value in the presence of 
Pt/Al2O3 and reactive capability of the adsorbed СНх-particles in co-converting reaction with n-pentane. 
2. Experimental 
2.1 Catalyst preparation 
For the catalyst preparation the primary carrier γ-Al2O3 (CJSC "Industrial Catalysts" (Ryazan)) was modified by 
3 wt. % ethanedioic acid water solution. Platinum in an amount of 1 wt. % from H2PtCl6 solution in acids 
competitors mixture – 1H chlorohydric acid (1 wt.%) and acetic acid 1H (1.5 wt%) – was applied on the sample 
dried at T = 413 K and calcined in dry air flow (T = 773 K). The dried (T = 393 K) catalyst was calcined in dry air 
flow at T = 773 K, and then disoxidated in a hydrogen atmosphere. 
2.2 Catalyst testing 
The methane adsorption value was studied in the temperature range of 293-823 K. Methane was fed at a ratio of 
CH4/Pt - 1/1 – 16/1 mol/mol in the perfect-mixing reactor. The uploaded catalyst was pre disoxidated in a dry 
hydrogen flow at T = 773 K for 1 hour. Thereafter, to remove weakly bounded hydrogen from the system the 
catalyst was blown with argon for 2 hours. Then the reactor temperature was lowered to room temperature in the Ar 
flow, and a methane/argon mixture was added. Argon was used as an internal standard. After studying the 
adsorption properties the n-pentane was supplied to methane into the reactive atmosphere at T = 823 K in 
C5H12/СН4 = 1/1 ratio mol/mol. 
3. Results and discussion 
It has been found that the beginning of СН4 adsorption is not dependent on the methane/platinum ratio and begins 
at 748 K (0.1 - 0.4 mol/mol Pt). With the temperature increasing up to 823 K, the methane adsorption value at 
СН4/Pt =1/1 mol/mol and СН4/Pt =3/1 mol/mol and equals 0.2 and 0.7 mol СН4/ mol Pt, respectively (Fig. 1). The 
ratios range of СН4/Pt 8/1-16/1 mol/mol adsorption value reaches a maximum and equals 1,0-1,2 mol/mol Pt. In the 
reaction system in a gaseous phase at 823 K, the presence of hydrogen is observed, so when СН4/Pt =1/1 mol/mol is 
0.3 mol Н2/mol Pt. The ratios range of 3/1-16/1 mol СН4/mol Pt this value reaches 1.4-1.7 mol Н2/mol Pt (Fig.1). 
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Fig. 1. The amount of adsorbed methane and released hydrogen at 823 K for1% Pt /Al2O3 catalyst 1% Pt / Al2O3. 
The obtained value dependence of methane adsorption on the СН4/Pt ratio corresponds to the Langmuir model, 
wherein at first adsorption increases proportionally to the gas concentration, then, as the metal sites on the surface 
are filled, the growth slows down and finally at high concentrations the excess adsorption is terminated, as the 
surface coating becomes close to the monolayer [10]. 
Based on the dependence the H/C ratio of the forming surface СНх-particles has been calculated (Fig. 2). It is 
clearly shown that with the increasing of СН4/Pt mol/mol ratio the dehydrogenation depth of methane decreases. 
When СН4/Pt =1/1 mol/mol and СН4/Pt =3/1 mol/mol the H/C ratio is 0.0 and 0.3 at./at., respectively, indicating the 
complete methane decomposition into carbon and hydrogen. The ratios range of 8/1-16/1 mol СН4/ mol Pt H/C 
varies from 1.1 to 1.4 at./at., indicating partial methane decomposition into C and Н2 on the catalyst surface, and it 
makes it possible to assume that these particles can be active in co-converting with different hydrocarbon groups. 
  
 
Fig.2. H/C ratio of the adsorbed hydrocarbon units. 
In the n-pentane conversion in the absence of preadsorbed methane the conversion is 84.1%. There has been a 
significant cracking chemical yield (methane, ethane, propane) (52.1 mol%.). It is noted that С6+ hydrocarbons are 
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virtually absent (0.1% mol.). The hydrogen yield is 31.7 mol%. that indicates the active heterolytic decomposition 
of n-pentane molecules (Table. 1). 
                                       Table 1. The yield of hydrocarbons from n-pentane at various methane/platinum  ratios. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 To study the reactive capability of the СНх hydrocarbon units adsorbed on the catalyst surface depending on the 
СН4/Pt ratio at a temperature of 823 K n-pentane was supplied into the reactor (Fig. 3). The results indicate that the 
degree of n-pentane conversion is higher at a high methane/platinum (8/1-16/1 mol/mol) ratio and is 62-67,7%, 
while when СН4/Pt =1/1 mol/mol and СН4/Pt =3/1 mol/mol the conversion н-С5Н12 is 54,6-57,6 %. Decreasing of 
the conversion degree at low СН4/Pt ratios is likely due to a partial carbonization of the active centers. The content 
of cracked products decreases with increasing methane/platinum ratio from 44.3 to 34.6 mol%. Total maximum 
yield of aromatic hydrocarbons (benzene, toluene) has been recorded at СН4/Pt = 10 mol/mol (9.1 mol%.), the 
minimum corresponds СН4/Pt = 1/1 mol/mol and equals 3.7% mol. Reducing of the arenes yields at low СН4/Pt 
ratios can be explained by less reactive СНх-particles capabilities on the catalyst surface. The yield of hydrogen 
changes from 5.9 to 20.3 mol%. in the ratios range of 1-16 mole СН4/mol Pt. 
 
 . 
 
Fig.3. Product yields from n-pentane at 823 K at different СН4/Pt ratios. 
 Raw materials mol/mol Pt 
methane   - 1 10 
n-pentane 1 1 1 
hydrocarbons %mol. 
hydrogen 31,7 5,9 20,3 
methane 51,7 41,2 34,2 
ethane 0,2 1,7 2,0 
propane 0,2 1,4 1,6 
isopentane 0,2 0,8 0,5 
n-pentane 15,9 45,4 32,3 
benzene 0,1 3,7 8,5 
toluene 0,0 0,0 0,6 
Sum 100,0 100,0 100,0 
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4. Conclusion 
The conducted researches have revealed that the methane adsorption on aluminic-platinum catalyst depends on 
the methane/platinum ratio. Quantitative estimation of СН4 dehydrogenation degree on Pt/Al2O3 surface at different 
СН4/Pt ratios indicate more complete methane decomposition into carbon and hydrogen at СН4/Pt 1-3 mol/mol. 
It is found that in the absence of СНх hydrocarbon units on the aluminic-platinum catalyst the n-pentane is 
poorly converted into aromatic hydrocarbons (0.1 mol%.). However, the addition of even minimal methane amounts 
(СН4/Pt = 1/1 mol/mol) into the reactive atmosphere leads to a significant increase in the aromatic hydrocarbons 
yield, which shows a high reactivity of the СНх-particles in the reaction with n-pentane. 
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